injuries. Although most adductor injuries occur at the musculotendinous junction proximally, case reports have described injuries occasionally occurring at the proximal and distal aspects of the adductor longus. 1, 2 Acute tears of the adductor longus at the origin are extremely rare; only 3 cases have been reported. 3, 4 Acute avulsion of its origin through its fibrocartilagenous enthesis has not been previously described in the literature. It occurs most commonly in vigorous and uncoordinated sporting activity, such as soccer, football, ice hockey, and Australian rules football. 5 The purpose of this article is to describe an avulsed injury with noncontact mechanism, to discuss the particular anatomy of the adductor longus origin, and to report the rehabilitation and functional outcome following an acute repair in elite players. Because in this special group this injury has the potential to be career threatening, 5 an adequate reduction and secure fixation of the avulsed fibrocartilage enthesis of the adductor longus is necessary.
CASE REPORTS

Case 1
A 26-year-old man who was a professional goalkeeper sustained a noncontact injury while kicking the ball during a premiership soccer game. The mechanism was abduction in combination with extension and internal rotation of his right kicking leg. Before contacting the ball, the athlete felt a sudden sharp pain and a pop in his right adductor area and fell to the ground. He was unable to stand up.
Physical examination revealed a significant swelling with extensive ecchymosis from the inner side of the thigh to his pubic and right inguinal area. Diffuse tenderness was elicited on palpation over the superomedial part of lower extremity with acute severe pain throughout the entire area and a palpabable gap at the origin of the adductor longus. He was unable to adduct his leg in both flexed or extended position of the hips. The patient denied any previous history of groin pain. Roentgenographic examination showed no abnormalities of the pelvis.
Magnetic resonance imaging (MRI) revealed a haematoma at the anterior aspect of the right thigh, consistent with avulsion of the tendon of the right adductor longus (Fig. 1A) . The patient was treated surgically. An incision was made over the crease below the scrotum and perpendicularly over the adductor longus. The crural fascia was incised and an isolated tear of the adductor longus muscle was found. The muscle was detached from its origin through the fibrocartilagenous enthesis, which was separated away 5 cm. The fibrocartilage footprint measured 1.5 3 2.5 cm. The surface was bloodless on both the pubic and avulsed side, but a rupture of a branch of medial femoral circumflex artery was found on the anterior side of the adductor longus muscle. Six 2.4-mm nonabsorbable anchors were positioned within the footprint of the fibrocartilage to reattach the enthesis. Excellent apposition was achieved. A tubigrip was applied for 4 days. There were no immediate postoperative complications. Initially, the patient was allowed partial weightbearing using crutches for 2 weeks and functional training of adductors was initiated. Passive range-ofmotion exercises were started immediately and progressed to active isometric muscle exercises whereby the resistance gradually was increased and subsequently was progressed to more dynamic exercises. The duration of the exercises totalled 3 to 4 hours a day. The frequency of the exercises was also gradually increased to 30-40 repetitions. The sutures were removed after 10 days and then hydrotherapy was started. First, walking was initiated and continued for 2 weeks, subsequently progressed to jogging in the pool for 3 to 4 weeks. Two weeks later, the patient was asymptomatic and full weightbearing was allowed. The rest of the rehabilitation was as follows: cycling on a stationary bike with gradual increase of the resistance; adductor stretching exercises in a standing, sitting, and lying position to increase the flexibility; proprioceptive and core stability exercises. Four weeks postoperatively, a running program was started. Closed chain adductor strengthening exercises were started followed by open chain adductor exercises. The adductor exercises were done in a standing, sitting and lying position. Ball training was started once the open chain exercises could be done comfortably, first initiated with short passing of the ball and then progressing to a longer passing.
At 8 weeks after operation, the patient had full range of motion without pain; active and passive muscle testing of the adductors showed good strength (5/5) with the hips in flexion and extension. The patient had no limitations in his activities, returning to full training and competition after 10 weeks.
Case 2
A 25-year-old man who was a professional soccer player felt a sharp pain and a pop in his right adductor area while shooting during a training session. The patient, who plays in a striker position, performed a wide abduction of the leg in combination with extension and internal rotation of his right leg. Immediately after the noncontact injury, the athlete was unable to walk. On physical examination, swelling and diffuse tenderness on pressure with acute severe pain was found and a gap was palpable at the origin of the adductor longus. He did not have any adductor-related symptoms prior to this injury.
MRI revealed a hematoma at the anterior aspect of the right thigh consistent with a tendon avulsion involving the right adductor longus (Fig. 1B) . The patient underwent acute repair; the operative finding was an isolated avulsion of adductor longus enthesis through its fibrocartilage origin, which was separated away 3 cm. The footprint of the fibrocartilage measured 1.5 3 2.5 cm. The surgical technique was the same as outlined above. Seven 2.4-mm nonabsorbable anchors were used to secure the fixation. The postoperative rehabilitation program was the same as in Case 1. Muscle strength testing was 5/5 with resisted adduction in flexion and extension, as well as painless full range of motion at 8 weeks after the operation. The player returned to his previous competitive high athletic level without problems at 10 weeks postinjury.
DISCUSSION
Acute ruptures of the adductor longus muscle tendons are relatively uncommon but severe injuries in high-level athletes. 2, 5 Acute tears of its origin are encountered infrequently; only 3 cases have been reported in the literature. 3, 4 Isolated avulsion injury of origin of the adductor longus through its fibrocartilagenous enthesis has not been described previously. The origin of adductor longus muscle arises from the anterior aspect of the body of the pubic bone, in the angle between the pubic crest and the symphysis, expands into a broad fleshy belly, and inserts by an aponeurosis into the linea aspera of the femur. Cadaveric studies 6 showed that the adductor longus enthesis, which is the firm site of attachment of tendon to bone, is consisted of tendinous fibers on the anterior surface, whereas the posterior and often lateral surface has muscular fibers that are linked with the fibrocartilage. The footprint of the fibrocartilage measures 2.5 3 1.5 cm, has a triangular shape on sagittal views, and histologically has classical four zones according to its structure. 7 The degree of injury is divided into the following categories. Grade I, minor tear, is damage to a few muscle fibers with minimal loss of strength and restriction of motion. Grade II is damage to a more extensive number of muscle fibers with tissue damage that compromises the strength of the muscle, but not complete loss of strength and function. Grade III is a complete disruption of the tendon unit, including complete loss of the muscle function. The mechanism of injury has been described 1 as resulting from a wide abduction of the hip with extension and internal rotation. In this position, a powerful eccentric contraction of adductors occurs, which causes rupture of the adductor longus. Sports which involve kicking, shooting and sprinting with rapid change of direction, such as soccer, ice hockey, football and Australian rules football seem to cause such mechanical situations. 5 It has been shown that a soccer player experiences 1,000 changes in playing activity during an average game. 8 In our cases, the injury happened before the athletes reached the ball, describing a noncontact injury. The decision by the senior author to treat the avulsed fragments with acute repair and restore the normal anatomy of the muscle was based on muscle strength data and decreased level of activity following adductor tenotomy for chronic pain in high-level athletes in the literature. 9, 10 In the first case, the extensive hematoma and the necessity of evacuation avoiding complications such as myositis ossificans was a further indication for surgical treatment. Reduction and secure fixation was indicated; we used six nonabsorbable anchors in the first case and seven nonabsorbable anchors in the second case. The extensive hematoma, which was present in the first case caused by the rupture of the muscular fibers, formed the posterior and lateral surface of the origin of the adductor longus muscle. 6 In the second case, the posterior muscular fibers were still attached, so there was no significant hematoma. No biopsy was taken because of the risk to further damage the enthesis (small size of the footprint) but also there was no history of groin pain for both athletes. High-level athletes are a special group of patients; adductor muscle injuries can be debilitating for an athlete. Furthermore, an adductor rupture that is treated improperly could result in chronic problems and become career threatening. 2, 5, 9, 10 We propose that acute adductor longus injuries should be treated taking into account the anatomical location, the degree of injury, and the level of the athlete. Good results with no strength deficits by manual testing and isokinetic muscle testing were noted. Both of the players returned to full activity, free of pain and without residual symptoms, continuing their previous career.
